The caesium-137 technique affords both an alternative to conventional measurement methods and an effective quantitative estimate of soil redistribution at the basin scale. Among the available calibration relationships which link the degree of increase or depletion of the B Cs activity relative to the baseline lj, Cs input and sediment yield, the mass balance approach has received increased application for its physical basis. First, the applicability of the refined simplified point-based mass balance (RSPMB) model of Zhang et al. (1999) at the scale of the morphological unit is proposed herein. The U7 Cs spatial distribution measured in a small Sicilian basin and the spatial distribution of the sediment yield calculated by a sediment delivery distributed approach are used to estimate values of the two key parameters of the RSPMB model, <j >i and <j>j, the fraction of b7 Cs fallout incorporated into soil and a particle size correction factor, respectively. Finally, the best procedure for experimental testing of a distributed sediment yield model by using caesium-137 measurements is investigated.
INTRODUCTION
Soil degradation in the form of water erosion has been recognized as a serious environmental problem in many parts of the world. Soil erosion on cultivated land causes damage because bare soils are often exposed for most of the year to the action of impacting rainfall and runoff. Soil erosion also causes other environmental problems such as reservoir sedimentation and non-point source pollution. In order to assess land management and soil conservation strategies, to maintain soil productivity and to reduce downstream sediment yield and associated nutrient load, quantitative information on soil erosion and sediment yield is necessary. This quantitative information can be obtained by long-term monitoring of experimental areas (plots, experimental basins), or by estimating the required variable (soil loss, sediment yield). This latter is done by applying, at the plot scale, a simple parametric approach, such as the Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1994) , coupled with a spatial disaggregation criterion of sediment delivery processes (Ferro & Minacapilli, 1995; Ferro, 1997) at the basin scale. An estimate of soil loss by a physically-based model is theoretically preferable to an estimate obtained by using an empirical approach like RUSLE. However, at present the physically based models are mainly for understanding processes (Foster et al., 1981; Quinton, 1994) and will give soil loss estimates whose reliability is comparable to, or less than, those obtained by a simple parametric approach like RUSLE.
Monitoring at plot and basin scales provides detailed event-based information but the investigation is costly and time-consuming. Erosion plots offer little or no potential for the study of sediment delivery, because of both their small size and artificial boundary conditions. In addition, the measurements from a bounded area provide little information on local variability of erosion rates and the redistribution process within a field (Walling & Quine, 1991) . Furthermore, problems of representativeness arise when plot data have to be extrapolated to hillslopes and basin scales.
The caesium-137 technique (McHenry, 1969; McHenry & Ritchie, 1977; Ritchie & McHenry, 1990) affords an alternative to conventional methods of measurement and a means of overcoming the problems of measurement representativeness and spatial variability. The isotope lj7 Cs is an artificial radionuclide, having a half-life of 30.2 years, most of which was released into the environment as a result of aboveground thermonuclear weapons testing which took place from the 1950s to the 1970s. Fallout deposition on the land surface occurred mainly with rainfall. Caesium-137 is strongly adsorbed on the finer organic and soil particles and resists leaching through the soil profile. On cultivated land, the deposited 137 Cs will be mixed relatively uniformly within the plough layer by tillage. Subsequent to caesium-137 deposition as fallout, 137 Cs redistribution is associated with the erosion, transport and deposition of sediment particles and it therefore affords a valuable medium-term tracer for soil erosion investigations (Walling & Quine, 1990 , 1991 .
The measurement of 137 Cs content at each sampling point is easy to obtain since it involves the collection of a single core sample and laboratory measurement of 137 Cs activity in mBq cm" , using standard gamma-spectrometry equipment. If measured values of the lj7 Cs activity of the individual sampling points are compared with an estimate of the reference 137 Cs input (Sutherland, 1991 (Sutherland, , 1996 , depletion indicates erosion, whereas areas of deposition are marked by levels of 137 Cs which are greater than the reference inventory value Cs ref . Although the potential for using lj7 Cs in soil erosion and sediment yield studies has now been demonstrated in several areas of the world (Busacca et al, 1993; Montgomery et al, 1997; De Jong et al, 1982 , 1983 Campbell et al, 1986 Campbell et al, , 1988 Walling & Bradley, 1988; Walling & Quine, 1990 Ferro et al, 1998a) , further information is needed for establishing a reliable relationship between the degree of increase or depletion of the lj7 Cs activity relative to the baseline inventory Cs re f and measurements of sediment yield. Although no definitive guidelines have been established for choosing from among the various available calibration procedures (Walling & He, 1997) , the mass balance approach has received increasing application for its sound physical basis, Recently Zhang et al. (1999) presented a Refined Simplified Point-based Mass Balance (RSPMB) model that takes into account both the removal of freshly deposited 137 Cs fallout before its incorporation into the plough layer by cultivation and the grain size selectivity associated with sediment mobilization and transport. The RSPMB model and its application at the scale of the morphological unit (Bagarello et al., 1993) is reviewed herein. Then the spatial distribution of 137 Cs measurements for a small Sicilian basin, and the sediment yield estimates carried out at the morphological unit scale by a recently proposed Sediment Delivery Distributed (SEDD) model (Ferro & Minacapilli, 1995; Ferro, 1997; Ferro et al, 1998b) are used to establish the estimate criteria of the two main parameters of the RSPMB model of Zhang et al. (1999) . Finally, at both the morphological and the basin scales, erosion rate values are calculated by the RSPMB model and compared with the ones obtained by the SEDD model. This comparison will allow a more accurate validation of a sediment yield distributed model to be obtained by comparing calculated and measured caesium-137 spatial distribution or, as an alternative, calculated and measured sediment yield distributions.
APPLYING THE REFINED SIMPLIFIED POINT-BASED MASS BALANCE (RSPMB) MODEL
Since a major proportion of bomb-derived 137 Cs was deposited in a short period extending only a few years on either side of 1963, Zhang et al. (1999) assumed that the total 137 Cs input was received in 1963, instead of over a long period ranging from the 1950s to the mid 1970s, and proposed the following calibration relationship:
(1) ; in which Cs re / is the lj Cs reference inventory at sampling year n (mBq cm" ), Cs,-is the L,7 Cs inventory for the eroding point (mBq cm' 2 ), Z is the plough depth (m), e,-is the erosion rate (kg m 2 year" 1 ), BD is the soil bulk density (kg m°), 0i is the fraction of the total 137 Cs fallout input which was mixed into the plough layer by tillage, and 02 is the ratio of the 137 Cs concentration of mobilized sediment to that of the original soil, reflecting the grain size effect. If the values of the parameters 0i and 0 2 are known, and e, values are estimated by a distributed sediment yield model, the corresponding 137 Cs activity values can be calculated by equation (1). Alternatively, if the values of the parameters 0i and 02 are known, and Cs, values are measured, the corresponding erosion rates <?, -can be calculated by equation (1).
It is important to notice that e, in equation (1) is a specific value, i.e. a value of sediment yield per unit of area (kg m" ), and it is calculated by assuming that the sediment yield (kg) is uniform over the investigated area (m 2 ).
In the following <?, is calculated by dividing a basin into morphological units (Bagarello et al, 1993) : areas of clearly defined aspect, length and steepness. In other words, each morphological unit is uniform in the sense of a constant slope steepness, and is bounded by lines representing a stream or a change in steepness or in slope aspect.
Using the ' " Cs measurements for sample sites distributed over the basin and by applying a kriging interpolation method, the spatial distribution of 137 Cs inventories can be obtained (Ferro et al., 1998a) . Overlaying the subdivision of the basin into morphological units (basin discretization map) and the spatial distribution of 137 Cs inventories, which is a raster cover having a given mesh size and calculated by the GRID section of Arc Info software, the I37 Cs activity Cs, of each morphological unit can be calculated. For each polygon of the basin discretization map, Cs-, is the weighted mean, with weight equal to the area, of the 137 Cs activity values corresponding to all square cells of the raster cover falling into the polygon. In other words, the described procedures for calculating Cs, and e, assume that equation (1) is reliable at the morphological unit scale.
According to Zhang et al. (1999) , values of <j >! are commonly less than 1, because the freshly deposited lj7 Cs fallout input will remain in the surface horizons of the soil and a proportion of this can be removed by erosion prior to incorporation into the soil profile by tillage. Since the selective removal of fine particles will frequently occur, and because lj7 Cs is preferentially adsorbed onto the finer fraction of the soi 1, the 137 Cs concentration of the transported sediment is higher than that of the original soil. In other words the mobilized sediment is enriched in 137 Cs with respect to the original soil, i.e. <| >2 assumes a value greater than 1.
If the grain size distribution of the mobilized sediment and the original soil are known, & can be estimated (Walling & He, 1997) , and if the spatial distributions of both sediment yield and caesium-137 activity are determined, then equation (1) can be used to calculate a value of <j )i for each of the morphological units into which the basin is divided. This analysis will also establish how the values of (j >i calculated at morphological unit scale vary according to the erosion rate (Walling & He, 1997; Zhang et al, 1999) . The physical meaning of the $1 parameter assumes that (| >i < 1 and <j )i decreases for increasing erosion rate values.
STUDY AREA AND METHODOLOGY
The study area is the Sparacia basin (3.64 ha), which is located in the north of Sicily, Italy. Soil sampling for Ij Cs measurement was carried out at 129 sites which are well distributed over the basin area ( Fig. 1) . For estimating the baseline input of iy7 Cs to the basin, Cs re f (equal to 94.4 mBq cm' 2 ), a hilltop location having minimum slope and undisturbed by cultivation was selected. Details on the estimation of reference inventory are reported in Ferro et al. (1998a) . To avoid biased soil redistribution processes resulting from a small number of samples drawn for estimating Cs n ,f and having a high coefficient of variation of 137 Cs activity, a robust estimate of Cs re f was obtained by employing the bootstrap technique to generate sequences of reference values having known mean value (equal to 94.4 mBq cm'") and large sample size (Di Stefano et al, 2000) .
A Vertic Xerochrept soil overlays the whole basin; the A horizon is 30 cm deep with a clay texture and a massive/blocky structure. For each sampling site, a subsample of 50 g of soil was used to determine the soil grain-size distribution by a sieving procedure for diameter values greater than 1250 ^m and by a settling method for diameter values less than 1250 \m\. The grain-size distribution of each soil sample was used for calculating the percentage,/; of fine particles (particle diameter, d, ranging from 0.002 to 0.1 mm) and the percentage, g, of coarse particles (0.1 mm < d < 2 mm) according to the Wischmeier & Smith (1965) procedure.
For each sample, the percentages of clay {OCL), silt (OSI) and sand (OSA) in the matrix soil were also calculated. Particle size data (f, g, OCL, OSI, OSA) were determined by standard laboratory measurements where the soil is fully dispersed into its primary particles prior to measurement (ultimate grain-size distribution). The soil erodibility factor K (t ha" 1 per unit of rainfall erosivity factor) of each sample site was calculated by the nomograph of Wischmeier et al. (1971) using a structure index equal to 4 (massive/blocky) and a permeability index equal to 5 (slow). The 129 sample values for K and a kriging interpolation method (GRID section of Arc Info software) were used to obtain the spatial distribution of the soil erodibility factor as a raster cover having a mesh size equal to 3 m. The whole basin was characterized by a single value for the mean annual value of the rainfall erosivity factor (Ri,) equal to 30 t m mm ha" 1 h" 1 , estimated by the Sicilian isoerosivity map (Ferro et al., 1991) . The Sparacia basin, excluding a small undisturbed area located in its upper part, was always used for wheat cropping; therefore, a single value for the crop factor (Q,) equal to 0.45 is used. Since management works are not carried out in the basin, the support practice factor (P) is assumed equal to one.
Initially, the basin was divided into morphological units and each polygon of the basin discretization map was digitized. Following the sequential approach suggested by Ferro & Minacapilli (1995) and Ferro et al. (1998a Ferro et al. ( , 1998b , the within-basin variability of the sediment delivery processes was modelled by calculating the sediment delivery ratio SDRi of each morphological unit using the following equation:
in which t p j is the travel time of each morphological unit, l p>i and s p j are the length and the slope of the hydraulic path, (3 is a coefficient which is assumed constant for a given basin and is equal to 0.0001952 for the Sparacia basin (Ferro et al, 1998a) , N p is the number of morphological units localized along the hydraulic path, and Ày and S[j are the length and the slope of each morphological unit i localized along the hydraulic pathj.
For the Sparacia basin, the mean annual value of sediment yield per unit area y t (in kg m~2), of each morphological unit i into which the basin is divided, is simply calculated by the following equation:
in which, for a given morphological unit /, K t is the soil erodibility factor (t ha~' per unit of R b ), LSj is the topographic factor. The topographic factor is calculated by the relationship of Moore & Burch (1986) with the exponent values suggested by Moore & Wilson (1992) :
in which A Sii is the ratio between the area of the ith morphological unit and the width measured along the contour line, and a, is the slope angle.
RESULTS

Estimating parameter 02
Calculation of the value of (fb is relatively easy since it can be based on a comparison of the grain-size distribution of the mobilized sediment with that of the original soil. According to Walling & He (1997) , the particle size correction factor (j> 2 can be estimated as:
in which S ins is the specific surface area of the mobilized sediment (rrT g~') and S si is that of the original soil. The specific surface area of soil material is the total surface area of particles per unit mass and it is strongly dependent on the size distribution of the particles in the soil sample. For a clay soil it is the content and mineral composition of the clay fraction, that largely determines its specific surface area (Hillel, 1998) . Since information on specific surface area of the sediment and soil was not available for the Sparacia basin, the specific surface area was assumed proportional to the clay fraction and then equation (5) becomes: <t>2 :
in which TCLS is the total clay in the mobilized sediment, OCLt is a mean value of the clay fraction of all soils covering the basin, and CER b is the basin clay enrichment ratio (Walling, 1983; Novotny & Chesters, 1989; Slattery & Burt, 1997) . If most of the sediment moving through the hillslopes and the channel network is transported as aggregates rather than as discrete particles, the size distribution of the mobilized sediment (effective gram-size distribution) may be significantly different from that of primary particles. Foster et al. (1985) produced a series of relationships to predict the effective grain-size distribution of mobilized sediment (aggregates plus primary particles) from knowledge of the texture of the matrix soil fully dispersed into its primary particles. Clay-sized particles transported by overland flow as primary particles and microaggregates are expected to move through the conveyance system without deposition, while clay particles incorporated with large aggregates may be deposited. Under this hypothesis and using the relationships of Foster et al. (1985) , the clay enrichment ratio CERi of each morphological unit has the following expression: CER, = 0.26 + (7) 1 -OSA, in which OSA t is the sand content of the soil covering the ith morphological unit.
The basin clay enrichment ratio can be estimated by the following relationship:
2X,
in which N u is the number of morphological units into which a basin is divided and S u j is the area of the ith morphological unit. The spatial distribution of soil sand content was determined using the 129 sample values for OSA and a kriging interpolation method (GRID section of Arclnfo software). Overlaying the basin discretization map and the raster cover of the soil sand content, the sand content of each morphological unit OSA t was calculated. For the Sparacia basin, using equation (8) a value of CERb equal to 1.476 was calculated and then equation (6) gives (p2 = 1.288.
Estimating parameter i
For each morphological unit i, equation (1) with e, = y, yields:
in which v, is calculated by equation (3) and fa = 1.288. Using the pairs Cs/Cs re f, [1 -(l.288y/Z-BD)], a single fa parameter value of equation (9) equal to 0.768 was estimated by the least squares method.
A single value of fa estimated at the morphological unit scale by a least squares technique could not take into account the spatial variability of fa in response to variations in sediment yield; in other words the single value of fa for all of the morphological units is estimated giving the same weight to all of the morphological units. This results in the underestimation of fa for morphological units with low sediment yield and overestimation for morphological units with high sediment yield values.
Assuming that the basin is an enclosed sediment system, i.e. no sediment enters from the outside of the basin, tillage can only redistribute soil within the basin and the sediment yield at basin outlet is due to water erosion. For an enclosed sediment system the basin caesium-137 loss LCi, (mBq) is only associated with the sediment yield due to water erosion.
For a basin divided into N" morphological units, LQ, (mBq) can be expressed as follows:
£Q=£LC,.=£(Cv-c *iK, (10) in which LC-, is the caesium loss of each morphological unit (mBq).
The loss of J Cs for the whole basin can be calculated by applying equation (1):
l -< t > 2 ZBD By equating (10) with (11) and rearranging, one obtains morphological unit a weight equal to the area S",i-For the Sparacia basin, since 0 2 = 1.288, a (| >i value equal to 0.8585 was estimated by equation (13). From equation (13), for a known spatial distribution of both Cs,-and >>, •, it is possible to determine a direct relationship between 0i and 02. The relationship for Sparacia basin is shown in Fig. 2 and takes into account that the maximum value of 0i and the minimum value of 02 are equal to 1. Figure 2 clearly shows that 0i can range from 0.7730 to 1, 02 varies from 1 to 1.75, and that the relationship between 0i and 02 is linear. In particular, Fig. 2 shows the comparison between some pairs (01, 0 2 ) calculated by equation (13) 
COMPARING THE MEASURED AND CALCULATED SPATIAL DISTRIBUTION OF CAESIUM-137 LOSS
In order to verify the reliability of the estimates of 0i and 0 2 , the comparison between measured and calculated caesium-137 loss, expressed as a ratio of the caesium-137 reference value, was earned out at both the morphological unit and the basin scale. If 0i and 02 are set to 1 (i.e. neglecting the removal of the freshly deposited 137 Cs fallout and the particle-size correction factor), the conventional simplified mass balance model of Zhang et al. (1990) is obtained. Figure 3 shows the comparison, at both the morphological unit scale (Fig. 3(a) ) and the basin scale ( Fig. 3(b) ), between the measured (X,>, Xb iin ) and calculated (X iiC , Xi, x ) estimates of caesium-137 loss expressed as a ratio of Cs re f, i.e. X,-= (Cs re f-Cs[)ICs re f and X b =SX,-(i-1, ..., N) . Figure 3(a) clearly demonstrates that the model of Zhang et al. (1990) underestimates the values of caesium loss at both scales. Figure 3 (a) and (b) shows the same comparison as Fig. 3 , using 02 = 1.288 and 0i = 0.768 ( Fig. 3(b) ), or 0i = 0.8585 (Fig. 3(c) ). The comparison between the righthand diagrams in Fig. 3(b) and (c) shows that the value of 0i used appreciably affects the estimate of the basin caesium loss and the best agreement is obtained by estimating 0i using equation (13) . The comparison at the morphological unit scale (left-hand diagrams, Fig. 3(b) and (c)) shows negligible differences in X) estimate when the two different values of §\ are used. For calculating the scattering of the pairs (X i:in , X,>) and (X bjm X b( ) with respect to the 1:1 relationship, the following error indices, /, and 4 (Table 1) were calculated: 2 (*,,-*, N., (15) Xfo,-*» N"
in which Nb is the number of outlets (Fig. 1) . The error indices /,• and 4 listed in Table 1 confirm the results shown in Fig. 3(b) and (c). Further improvements on X t and Xb estimates by equation (1) can be obtained by modelling the hillslope sediment delivery processes occurring in a basin divided into morphological units, superimposing the following two effects: (a) the travel time t pj due to the delivery processes from each source area, i.e. the time that particles eroded from the source area and transported through the hillslope conveyance system, along the longest flow path, take to arrive at the channel network; and (b) sediment deposition due to the curvature of the concave slope, i.e. the decrease in slope steepness along the flow path (Young & Mutchler, 1969a,b) . According to this scheme, Di Stefano et al. (1999) suggested that the basin be divided into morphological units which determine the hydraulic path having a quasiconstant slope (uniform slope), or stream tubes having a concave shape. For uniform slope path the sediment yield per unit area y, of each morphological unit is calculated by equation (3). The morphological units defining a concave hydraulic path are aggregated and constitute a stream tube, for which a modified topographic factor L C S C , taking into account sediment deposition due to slope curvature, has to be defined. The sediment yield per unit area y st of a stream tube is calculated according to the following equation:
in which K xl is the soil erodibility factor of the considered stream tube, l st and s st are the horizontal length and the mean slope of the stream tube, and L C S C is the topographic factor, which has to be calculated only for the part of the stream tube profile which experiences erosion. Di Stefano et al. (1999) proposed the following power equation to describe topographically a stream tube characterized by a difference of level H and a slope length, À, which is measured along the horizontal axis:
in which x is the horizontal abscissa, y is the corresponding elevation and n is a coefficient; for n > 1 equation (18) gives concave profiles. Using equation (18), Di Stefano et al. (1999) established that L,S C is equal to the product of the uniform slope topographic factor (equation (4)) by a correction factor depending on the n exponent of equation (18). Figure 4 shows, at both the morphological unit-stream tube scale ( Fig. 4(a) ) and the basin scale ( Fig. 4(b) ), the comparison between measured and calculated values of caesium-137 loss using Y i = 0.8585 and § 2 -1-288. Figure 4 clearly demonstrates that, by taking into account the curvature of the concave flow paths, the agreement between measured and calculated spatial distribution of caesium-137 loss improves.
The error index values /, and I b listed in Table 1 confirm that the best agreement between the measured and the calculated spatial distribution of caesium-137 loss is obtained by calculating the sediment yield y, for each of the morphological units and stream tubes into which the basin is divided.
The last question to address is to determine whether a more accurate validation of a sediment yield distributed model can be obtained by comparing the calculated and measured caesium-137 spatial distributions (Figs 3(c) and 4) or by comparing the calculated and measured sediment yield distributions.
To deduce the measured net soil erosion values e, (kg irf 2 ) by using caesium-137 inventory values, equation (1) can be rewritten in the following form: Y^Zy.S^+ZyJ, (21) in which N st is the number of stream tubes of the basin. Figure 5 shows the comparison, at both the morphological unit scale ( Fig. 5(a) ) and the basin scale ( Fig. 5(b) ), between the measured (£,, E b ) and the calculated (Yj, Y/,) sediment yield values. Comparing Figs 3(c) and 5 shows that, at the morphological unit scale, the agreement between X ijn and X ix is more difficult to obtain than the agreement between £, and F,; in other words, at the morphological unit scale, the best way to validate a sediment yield model is the comparison between calculated and measured spatial distribution of caesium-137 loss.
It is different at the basin scale, where the comparison between E b and Y b is the best way to verify the model for estimating the sediment yield values calculated at the basin outlet.
Comparison between Figs 4 and 6 confirms that the established best ways to validate a sediment yield model are applicable even if the basin is subdivided into morphological units and stream tubes.
In conclusion, at the morphological unit and stream tube scales, the agreement between the calculated and measured values of caesium-137 loss (Fig. 4(a) ) is more difficult to verify than the agreement between £, and Yt (Fig. 6(a) ) and therefore the agreement between X ix and X, m is the best way to validate a sediment yield distributed model. At the basin scale, the sediment yield model allows one to calculate X bx values almost equal to the measured values X b%m (Fig. 4(b) ), while the model tends to overesti- mate the measured basin net soil erosion values ( Fig. 6(b) ). Therefore the agreement between Ei, and Yt, is the best way to verify the model output at the basin outlet.
CONCLUSIONS
To evaluate the quantity of sediment which is transferred in a given time interval from eroding sources through the hillslopes and the channel network to the basin outlet, a spatially distributed approach can be used. At present, the development of distributed models is also dependent on the availability of field techniques to monitor erosion, deposition, storage and remobilization processes within a basin. The potential for using the caesium-137 technique has been demonstrated in many areas of the world, but further research effort is needed in order to determine the relationship between the degree of increase or depletion of caesium-137 inventory and sediment yield. In this study, the applicability of a refined simplified point-based mass balance (RSPMB) model, proposed by Zhang et al. (1999) , at the morphological unit scale was demonstrated. For a small Sicilian basin, the measured spatial distribution of caesium-137 loss and the sediment yield estimates carried out at morphological unit scale, using RUSLE and the sediment delivery ratio of each morphological unit, were used to estimate the two parameters § x and § 2 of the RSPMB model. In particular the particle size correction factor <j b was calculated by the basin clay enrichment ratio using the relationships of Foster et al. (1985) for predicting the effective grain-size distribution of mobilized sediment from the knowledge of the ultimate particle size distribution of the soil.
To estimate (j>i, a relationship was established based on the hypothesis that the basin is an enclosed sediment system and caesium-loss from the basin is only associated with sediment yield due to the water erosion. The reliability of the estimates of §\ and (J)? was tested by comparing the measured and calculated values of caesium-137 loss both at the morphological unit and basin scale. Further improvements of the agreement between measured and calculated caesium-137 loss values were obtained by modelling the sediment delivery processes due to the curvature of the concave slopes.
Finally, the best procedure for testing experimentally a distributed sediment yield model by caesium-137 measurements was investigated. The analysis showed that, at the morphological unit and stream tube scales, the agreement between measured and calculated caesium-137 loss is more difficult to obtain than the agreement between the net soil erosion and the estimated sediment yield. On the other hand, at the basin scale, the comparison at the basin outlet between net soil erosion and sediment yield is the best way to validate a distributed sediment yield model.
